Introduction
Introduction

Macroautophagy (referred to hereafter as autophagy) or 'self-eating' is a mechanism of degradation and recycling of a cell's own components, including long-lived proteins and damaged organelles
. Autophagy has a fundamental role in normal physiology as well as pathological conditions including cancer, infections and degenerative diseases like Alzheimer's [2] . During the process of autophagy, cytosolic constituents are sequestered by an isolation membrane that later encloses to form an autophagosome. The autophagosome fuses with a lysosome wherein enclosed materials are degraded by lysosomal enzymes [3, 4] .
There is a considerable debate regarding the role of autophagy in cell death [2, 5, 6] . There is some pharmacologic and genetic evidence in vitro supporting a requirement for autophagy in the cell death response to nerve growth factor (NGF)-deprivation or cytosine arabinoside [7] , serum and potassium deprivation [8] , tumour necrosis factor-␣ (TNF) [9] , caspase-8 inhibition [10] , brevinin-2R [11] , etoposide and staurosporine [12] . In contrast, autophagy can promote survival in stressful or nutrient-deprived conditions [1] . Furthermore, inhibition of autophagy was shown to increase susceptibility of cells to various stimuli including interleukin-3 (IL-3) deprivation [13] , starvation [14] and infection [15] . In addition, inhibition of autophagy enhanced the cytotoxic effect of aloe emodin in U251 glioma, but not L929 fibrosarcoma cells [16] . Thus, autophagy has been associated with both cell death and survival depending on cellular context and stimulus.
Autophagy has been shown to precede apoptosis in human cervical cancer HeLa cells [17] and in Drosophila salivary glands during development [18, 19] . Furthermore, apoptosis and autophagy can occur simultaneously in the same cells [20] [21] and in prostate and mammary epithelial cells [22] . TNF induces autophagy in Ewing Sarcoma cells [23] and T-lymphoblastic cells [9] . The signalling mechanisms regulating TNF-induced autophagy, however, are not well defined. Activation of extracellular signal-regulated kinases (ERK)1/2 has been implicated in the induction of autophagy in response to several stimuli including amino acid deprivation [24] , aurintricarboxylic acid [25] , B-group soyasaponins [26] and curcumin [27] . While the role of the ERK pathway in TNF-mediated apoptosis is documented [28, 29] little is known about its involvement in TNFinduced autophagy. Furthermore, there are controversies whether the consequence of TNF-induced autophagy is to inhibit or potentiate cell death. Some reports implicate autophagy in TNF-induced cell death [9, 23] while others suggest that autophagy induction is a protective event against TNF-induced cytotoxicity [16] . Therefore 
Immunoblot analysis
Equivalent amounts of protein from total cellular extracts were electrophoresed by SDS-PAGE and transferred electrophoretically to poly(vinylidene difluoride)
membrane. Immunoblot analyses were performed as described before [32] .
Clonogenic assay
Clonogenic assay was performed as described previously [33] . 
Results
TNF-induced PARP cleavage and LC3 processing in MCF-7 human breast cancer cells
We have previously shown that TNF induces apoptosis in MCF-7 breast cancer cells [34, 35] (Fig. 1) . TNF further stimulated LC3 processing, with maximal increases in LC3-II levels seen at 12 hrs (Fig. 1) . The onset of both LC3 processing and PARP cleavage appeared to be concomitant.
TNF stimulated formation of EGFP-LC3 puncta
PE-conjugated LC3 is localized to autophagosomal membranes during autophagy [30] . Thus, redistribution of EGFP-tagged LC3 from diffuse pattern in the cytosol to distinct puncta in autophagic vesicles provides an alternative and widely accepted method to monitor autophagy [37] . We generated MCF-7 cells stably overexpressing EGFP-LC3 (MCF-7/LC3) to assess localization of LC3 to autophagosomes (Fig. 2A) . We found that TNF induced localization of LC3 to autophagosomes in MCF-7 cells overexpressing EGFP-LC3 as determined by the formation of punctate EGFP-LC3 (Fig. 2B) .
Inhibition of ERK1/2 decreased LC3-II levels and increased PARP cleavage in response to TNF
Little is known about the signalling pathways that regulate TNFinduced autophagy in breast cancer. We found that TNF activated ERK1/2 in a time-dependent manner (Fig. 3) and was sustained up to 10 hrs following TNF treatment.
Signalling through the MAPK pathway has been associated with autophagy [24, 26, 38] Fig. 4A and B) . (Fig. 5D) . Thus, inhibition of ERK1/2 resulted in a decrease in autophagy and a concomitant increase in PARP and caspase cleavage. 
. Therefore we determined the contribution of this pathway to TNF-induced autophagy. Pre-treatment of MCF-7 cells with the MEK1/2 inhibitors U0126 or PD98059 resulted in a concentration-dependent decrease in ERK1/2 activity as determined by phosphorylation of ERK1/2 (
Decrease in ERK1/2 activity was associated with a decrease in LC3-II levels and a concomitant increase in the extent of cleavage of PARP, caspase-7, -8 and -9. (Figs. 4A and B and 5A and B). Densitometric quantification of Western blots revealed that TNF induced a fivefold increase in PARP cleavage compared to untreated controls. PARP cleavage was enhanced to eightfold when cells were pre-treated with U0126 (Fig. 5C). TNF induced a 2.5-fold increase in LC3-II levels that was completely abolished by pre-treatment with the MEK1/2 inhibitor (Fig. 5C). Similarly, U0126 pre-treatment resulted in a decrease in LC3 accumulation in autophagosomes as determined by the formation of EGFP-LC3 puncta
MEK1/2 inhibition sensitized cells to TNF-mediated decrease in clonogenic capacity
We further determined the consequence of decreased autophagy and increased PARP cleavage on long-term cell survival. In clonogenic assays (Fig. 6) [9] , Ewing's sarcoma cells [23] and vascular smooth muscle cells [39] . In contrast, TNF alone did not stimulate autophagy in mouse C2C12 muscle cells [40] or in U251 glioma and L929 fibrosarcoma cells [16] . Furthermore, it has been shown that TNF could induce autophagy in MCF-7 cells only when NFB signalling was absent [23] .
We have shown, however, that TNF stimulates NFB activity in MCF-7 cells [34]. Responses to TNF depend on several factors including cell type, concentration and time of exposure and this could explain the apparent discrepancies in the observations from various groups.
It has been proposed that cells with compromised apoptotic machinery undergo autophagy more readily than cells with intact apoptotic capacity [41] [42] [43] [44] . In contrast, some reports suggest that cell death induced by autophagy is caspase-independent [45, 46] . MCF-7 cells do not express functional caspase-3, though they do express effector caspase-7 that exhibits some similarity in substrate specificities to caspase-3 [47] [24, 26, 27, 48] . Sustained activation of ERK1/2 was associated with autophagy induction in H29 colon cancer cells [24] . In addition, increased ERK1/2 activity was necessary for B-group soyasaponin-induced autophagy [26] . Recently, Shinojima et al. (2007) showed that MEK inhibitors prevented curcumin-induced autophagy in glioma cells, suggesting that the activation of ERK is associated with the induction of autophagy [27] . In contrast, in C2C12 myotubes, autophagy was not associated with alterations in ERK1/2 phosphorylation [49] .
There is some evidence that the JNK pathway can regulate autophagy in response to TNF [39] and through activated TRAIL receptor 2 [50] . TNF induced autophagy in vascular smooth muscle [9] and in Ewing's sarcoma cells [23] protected against TNF-induced death. Prins et al. (1998) found that cells that were more sensitive to TNF-induced cell death underwent greater extent of autophagy [51] . In addition, cells that were undergoing autophagy in response to starvation were more sensitive to TNF-induced apoptosis [40] 
